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B Experiments 3;t‘roxn May o September 1939"wﬁh Navy ships am sea led e
= to many. conclusions; some of which ares . <

/_ Ry Stendard Navy gra,,r was’ of low visxbn.l:.ty )gxbvercaét, hazy g../ .
ST undg,z;ﬁearchlight. . S LN R
- SR Ocean gray was of lou v1sxbllity in brlght Weather.\ ' N

3. Black was of lowest vis1billty in day ﬁiewed “TTFom” air and . S
under searchllght. : A

v

L Black was best for destroyers in view of thelr mlssion‘ X'

i

: o
5. Dazzle camouflage of destroyers hud Jore.. bad features than
good ohes. . . :

‘Q

" 6. Greded. palntlng on 1lght cruiser guve some deception worthy
of further considcration. -

7 iMObtrualve dazzle cemouflage of. tpnuur produced some deceptlon ¥
“without 1ncre“sed v151b111ty. .

§ A teble of the v1si 1ty of ships of vurious colors undeffﬁgrious
Aconditlons 1s in Cha apter < . - T

« ‘In the light of prisent knowledge, it is suggested thet (1) all
" Neval surf:ce ships except destroyers be z 9 pér cent dark met gr&y,\
and ‘that destroyers be met black; (2) all merchant. type ships be

a 9 per cent -or 18 per cent m't £rey, w1th sorec unobtru51ve dazzle

end some gro ded : o s _ PR

- Further experlments recommended are: (1) test 9 per cent derk gray . |
and ultramsrine blue on destroyer, (4) test oceen gray znd 9 per cent groy
on cruiser, (3) test groded system on 6-inch cruiser, (4) palEt 6~-inch
cruiser to simul:te 8-inch cruiser, (5) obtain deta on visibility of

wakes, and (6) test unobtrusive dazzle on csrgo ship.
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“aufhorized by Bureau of Construction end Repair ‘confidential letter

7)(BI) of 6 May 1939.

- . o R o e “"\» ’l_ S
The continuance of the investigation of ship camouflége wa

. T "“ . oL
“Réferences . . .. . . oo T el T

2. Réfgrenpespertinent to the present report are:

' Reference: (a) "Handbook on Ship Camouflage," Bur,ea.u‘;avf- Construction -
. - end Repeir, February 1937, prepared by Naval ‘Reseanch

. ‘Laboratory. = - .
: (b) NBL Report No. H-1496, ‘9 December 1938, "Naval . ' .
c Camouflage, Tests at'Sea of May and June 1938.n '

(¢) Comdesdiv FIVE 1tr, to Comdesbatfor, 1 December 1939,
"Camouflage Painting of Surface Vessels."' The letter
‘ _is reproduced in full in the Appendix. .
. : T I - -
Historical - S S * : R

. 3. .. Investigation of varjous aspects of ship camouflage, initiated
" in 1935 by the Bureau of Construction and Repair and continued since that
_ time, led to a number of conclusions summerized in references (a) and (b).
.It was found that standerd Navy gray was of lowest visibility in hazy,
foggy end overcast weather, but was very visible in sumny weather and
. under searchlight and moonlight illuminatiodl at night. It was eassily
' visible from the air. Ocean gray was of low visibility in sunny wedther
and was not particularly revealing when viewed from the asir and under N
7! searchlights at night. .Black was of lowest visibility viewed from the S
. air and under searchlights at night. It was concluded thet no one color
". of paint combined all adventages and that a color finally chosen must e
./ be a compromise govérned by the projected employment of the camoufleged .
" ships. Many of the fzcts were derived from observations which extended
./ over short periods of time end a smell varicty of weather conditions in Co ;
" & single sea-area. - . e T LT
4. It appeared that little further knowledge was .to.be gained -« .
from short time isolated experiments end that an attempt to arrive at. . 7’
final conclusions would require-wide scale experimentation with Several _
ships under operating conditions for considerable periods. of ‘time. - L
B N A\ . . PRSI [
5. . From May to September 1939, experimentation-was carried out with
.tl'&re,e destroyers enroute from Norfolk, Virginia, to-San Diego, 'Californis, -~ =

o
‘.
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- -viA the Ponama Camal, with chilns 4m tho So Diéﬁo arca axd with deufroyor

divigiono oporatdng in a TFlcot tectical problca in tho Pacific Occan
off Long Biach. The rogulis uith dotails, diseunsion and wecou-cadations

vero givon in roforence (¢), vhich bocauso of Wits importaneo, thoveushnoos,

"and completoness ias roproduccd in full in ths Appomgdiz. Tho pgoccat roport

ig baged entiraly on reforcnco (¢) with come cozmonts apd ouzgoctions.
The subjects of loz visibility and daszle comouflage of “surfaco .chipy ara
dealt with. Although no paina havo boen spared to make the report brief, |

~ -cozplete and above all dorrect, our advide to the resder is that if there
- ig any skipping to be done, he skip this report and read reference. {c).

- Y A
Rceording Cohlor
I 6. All of the colors referred to in this report ere shown in .
Plate 1 with their Munsell notations and percentage reflectivities. In
considerations of low visibility, the brighttiess of a color is an importeant
attribute. Brightness is the psrcentage of white light falling on the
color diffusely reflected by the color es measured by a light adapted
nornal eye. (The artist often uses the word "vclue® to describe the
"brightness" or the "darkness" of a color.)

" @. It ip hardly necessary to-remark thet inspection in a room
of & smell sample of color in a book can not give the proper impression

of e ship painted with the color. '

8. Further, the colors of Plate 1 must not be used in preparing
paints for they may fade or otherwise change with time; Plate 1 was
merely for the purpose of giving the reager an approximate idea of the
color. Colors of paints must be mixed by reference to penels prepared
from the Munsell Book of Color or from known formulae. pa(7

hY

-
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B  Name Munsell Reflectivity
a Notation Per Cent

3 | ":»'  Standard 1. Neutral
e w ]  Navy 6.2/ to 6.8/ . 30 to 35
’/ " '_ o " . < B R, “‘\ Gray X R
P .. ’ '
' i w y
"Ocean Neutral 18 to 20
Gray . . 5.0/ to 5.4/ .
Stendard Neutral : 8 to 10
Deck . 3.4/ to 3.8
Dark Gray 5 .
Black Neutral - . ‘ 2 to 4
1.5/ to 2.5

Purple-Blue- N

Ultramarine  Purple 8 to 10

Blue 3/12 :
' {Approximately)

Dark Green ~3 %t 5

Green 2/2 -

Low -Visibility Colors

@ ‘ ' | Plate 1-

, ‘CONFIDENTIAL v
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. Thus the destroyer presented to the.observer only t
- investigation and the stendurd deck paint. ~

\  CHAPTER 2
- LOW _VISIBILITY PAINTING OF DESTROYERS.

Colors for Lowest Visibility

‘9. Four colors were tested on destroyers. The colors, shown
in Plate 1, were standard Nevy gray, ocean gruy, dark green, and black. .
All decks were painted with standard dark gray deck paint. The color was
painted on all vertical surfaces, and on gll masts, §tagks, reils, rigging,
guns, bomts end canvas. It was also paiiited on aldiherizontsl surfaces
except -those already covered with the standerd dpk,grey. deck: peint.
ﬁ%é lor under -

“. . 10. The results of long continued tesbs,vfeferehce (c), by many

observers of the relative visibility of the warious colors on the e

. destroyers are summarized in Table 1. The notes appended to the table

are for the most part quoted verbatim from reference (c) and serve to-
bring out certain important points nét readily reduced to tabulation.
(We insert here the remark that the table is a drab sketch of dusty
facts, whereas a close reading of reference (c) permits occasional
glimpses of a moving pageantry of ships and men at sez and in the air.
The remark is out of place in a dull report to & Burecau of materiel.)

£}

-

)
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‘Observer —— Bay
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. TABLE 1

Color for Low Visibility

Conditions

"F ; . - V‘ : -

. Dey

Day

Day'

Day

Day

Day

‘Night

Night

‘Night

Night

Night

Night'

Night

~

Color for Lowest-
Visibility

Vértical Horizontai
Surfaces Surfaces

Weather, illumination, etc.

Clear sky, sunny, no haze.

Cloudy sky, no sﬁn,
no haze.

Haze or fog.

Black smoke screen.
White stoke screen.

Natural iliumination,
stars or clouds, no mooun.

Clear sky, moon behind
observer. ’
Noonlight, .diffused
through clouds.

Searchlight illumination
from observing ship, or
from behind observer.

Far siae of target from
observer illuminated by
seerchlight, flure,
st.r shell. -

All conditions of
wecther end illumlinstion.

All conditions of
weuzther and illuminction.

'Navy

Ocean Usually
gray not scen

gray ° g

Navy - 3,

- gray

" Dark .

colors

Light -~
colors

Black

Black

Oceun
gray

Black ¢

Terget

in
silhduette, -
all colors
alike.

Black .  Black

Bleck . Black

e e o e v e




Hote 1.

"Hote 2.
. Note 3.

Notenh.

e

Note 5.

~—

Note 6.

Note 7.

In silhovetto against the sun, moon, sehrchlight or other gourec
of light 0ll colordlook alike and camouflage.is of no effect.

No color affects appréciably the, accﬁracy of stereo-ranges.

Dark green is almost. the same as black but not quite as
satisfactory.

In the daytime black ships are visible at long ranges as objects
but terget angles and renges, because of indistinctness of
shadows, are much more difficult to determine than with

lighter paints.

When observed from the air at dxstances 1to8 miles, altltudes
1000 to 2000 feet, the black ships of DIVISION FOUR were not
~Vvisible over two or three mlles, while ‘the stesndard gray sh&ps ’
were visible at all distances. The: black ships werc less
visible than the green. Sun glimts and light spots aided

in locating the destroyers. The visibility of the dark ships
was 1/3 to 1/4 that of a standard gray ship.

At speeds above 12 lmots the white w:ke o1 & destroycr becomes
important. At night and from aircraft zt eny time when
destroycrs are making speegs of 2C knots and sbove the wakes
are so.upparent that little advantare can be had from
camouflage. At night under searchlight®high speed wake is
clesrly visible and readily discloses the presence of a
destroyer regardless .of peinting.

Gloss is objectionalbe in any color. It is rost apparent on
stacks rnd gunshields and is most noticeeble*with black.

.Choice of Black as Low Visibility Color for Destroyers.

1.

Regarding the.choice of a low visibility color for destroyers,

reference (c) draws the following conclusions:

"1‘
"2.

"3.

.

4

Strnderd Navy gray is not satlsfactor3 either for daytime
or night.

A color much darker than Navy gra¥ ‘=nd d:.rker than ocean gray
is indic:ted. -

Preference for the three colors tested is, in order, black,
ocean gr:y, stundard grey. Black meets the requirerents for
improved visibility et night, in accordrnce with Communder
Bottle Force's dircctive that diytime visibility may well

be sacrificed for decreased visibility at night.

All surfaces visible from .the air Jhould be black or'a

. color approaching black." .

CONFIDENTIAL ' -5-
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dark color aS'fqllows:

12. Reference (c) discusses the choice of black or a very
. \

"Ocean gray is in the color séale between black and the standard
gray. On a bright sunny day it is reported by observers from
surface vessels as the least visible of .the three colers and

" compares fuvorebly with either of the other two colors under

any chosen conditions. It does not appear white under concentrated
illuminations as dozs the standard gray and is less striking than -
black on a clear bright dey. If the zerial observetions were ’ B
excluded, it is believed that ocegn grey, or & somewhat darker
gray,would be chosen by the majority as the best compramise

color. It is believed, however, that preference Tor the oceam. ..

. groy over the bluck is influenced by the following factors:

"Netural aversion to solid black ships, cspeciclly flat
black, from atandeLnt_Qﬁfama“tn«ssYand difficulty of
upkeep.

"In daylight the black ship presents & silhouetteAwhich is
more plainly delineated than the ocean gray end therefore
is said to be more visible. '

"The first of these factors, smartness znd cleznliness, zlthough .
not & pert of this investigation, will inevitebly influence the
opinions of officers who go to .sea on surfece vessels. The,

second factor is in part un optical illusion. A bplack ship is
more striking than a grzy ship even at close runge. It is s

_therefore scid to be more visible, despite the fact that

definition of detzil is better in the cise of the groy ship
‘and thcr;fore the terget ungle is easicr to estimate.

"It is believed that the ocean gray tested is too light a gray

and that if gray be chosen, it should be considerably darker.

" A dark gray would have most of the advantages of black and

would probably meet most of the objections advanced to black.
The“results of the tests seem to point to a very dark color -

" darker than ocean gray. A conclusion as to how far short of
‘black the color could be can not be izgsn from these experiments."

and Glossy Paint.

13. Reference (c) stectes:
"Gloss is objectionable in any color.
"A11 pzin® furnished was of & gahatively high gloss.

"Gloss peints meterially zid in' disclosing the ship under any

form of concentrated light day or ni ht. It is wost noticeable
with the darker p41nts "

CONFIDENTIAL -6~ -
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Masts of Destroxers. . \
14. Reference (c) concludess ' ) ‘ 7

- "Black masts and similar high structures are very revealing whgn
they alone protrude above the horizon. Standard Navy gray
‘ ,.qolor is believed to-be best for them. It is believed masts

#7 "can be painted standard gray without materially 1ncreasing . ' S
v131billty."‘j ‘ :
Various'Detalls. B &&k%% e ~

'*“’ 15. When the”viqibilxtﬁﬁﬁﬁ the Sth is 1owered by -proper choice

of the color;~various détails which before seemed.to be entirely
incqnsequentlal become important. Reference (c) states:

-~ PA related subject is the eliminztion of exterior reflecting
surfeces - these include bridge windows, ports, port rims,
turnbuckles, whistles, gun parts, binnacles, bridge wood— .
work, such as varnished benches end boat decks. ; .

"Exposed 1life ring bucys should be the same color as the surround—
- ing surfaces."

‘ 16., . Each of the above details presentb a small and separate
problein,’ 'all of which cen probably be solved by means of paint and
painted cenvas.covers, except perhaps the bridge windows. These should
be inclined. outboard about 10° from the vertical, or it may be sufficient
merely’ to lower them in brlght sunshine, moonllght or previous to
searchlight lllumlnatlon, in order to eliminate possible bright rcflec-
tionu - .

.- oy .

. 17,  The fact that such a small object as a life ring buoy needs

attention 1ndicab§s pretty strongly that white uniforms are out of place

on the deck of a dark colored ship during wartime.

Suggested Experiments with Low Visibility Colors Dark Gray and Ultra-

marine Blue.

18. Reference (c) suggests tests of & grey somewhat darker than

e ocean gray. A gray of reflectivity sbout 9 per cent would uppecr to

“be suitsble for test. 'The color is eabout thet of standard dark deck

paint, Plate 1. In dsylight it is consideribly darker than ocesn gray and
apprecisbly lighter then black. A dark blue grey of 9 per cent )
reflectivity could be used equully well as a neutral grey, for ¢ slight o
color tint hss no effect on visibility. A diork green griy could zlso

be used but there eppesrs to bé no recson for using cny Shade of green

on ¢ Nevy ship at sea.

19. - Leborztory tests show tnat undcr searchlight illumination .

«t night -the “9 per cent grey is distlinctly more visible then bleck, ;

but whether the difference is importsnt cen valy be determined by ;
‘tests at sea.

CONFIDENTIAL -7~
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surfaces painted intense blue is as follons&

20. In this connection a pure inteonse blue deserves con31deration.
The color is shown in Plate 1; it is us y described as “ultramarine
blue.” Ve have long realized that a.pure/wivid blue color possesses
desirable lou visibility features, but have believed that its proposal
would be bizarre or in advance of the times. Now, however, in view of -
the clearer perception of the facts and“the crystallization of opinion o
brought cut in reference (c), it is timely to discuss the features of G
the blue color. T,
i b .
21.  The Purkinje effect is the shift in the color sensitivity of-
the eye with the change from light adaptation to dark sdaptation, the
sensitivity of the eye for blue light relative to the sensitivity for
red light ‘increasing very greatly with the change from light to dark
adeptation. For example, in full deylight or sunlight the blue of
Plate 1 is about as dark ds the 9 per cent gruy, but under weak
illumination, &s twilight or moonlight or less, the blue appesrs nearly,
but. not quite, as light as Navy gray. BExperiment also shows iﬁat under
searchlight illumination the blue eppears darker than the 9 per cent
gray and nearly as derk as 4 per cent-black; this is due partly to the
weakness of the blue wevelengths in the searchlight spectrum relative ,
to those of the gdeylight spectrum, and partly to the light sdaptation - o7
of the eye when looking at a t.erget illuminated by a searchlight. Indeed, _
with a blue target it is a surprising gensation. to see dimly in the. “

"dark whet sppears to be a light grayish object, and then to turn the

searchlight on the object merely to- discover with difficulty what
appears to be a very dark object; the surprise is occasioned by the .
fact that the searchlight is of unexpectedly little zid in revealing
the object.

v

22. The estimated appearance of a ship with a}l vertical , -

Day, sunshine, at near distances, should appear wvery blue; at
far distances, should be of as low visibility as ocean gray;
shadows should be indistinct and target angles should be as
difficult to determine as for a black ship. .

Day, overcast, should be of as 1ow visibility as ocean gray.

Twilight, unless silhouetted ageinst bright sky, should be of
as low visibility as ocean gray. -

Nigh{, netural 1llumination, .should be equal to ocean gray.

Night, searchlight illumination, should be equal to blagk or
nearly go. ? :

Both day and night, should be of as law visibility from the air - e
_as black. . .

In day, in fog and haze and hence at near diatancea, should
probably not be of as low visibility as Navy gray.

CONFIDENTIAL ‘ -8-
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CHAPTER,
P | ~ DAZZLE PAINTING OF DESTROYERS
2 C2h. The 1938 camouflage tests with destroyers, reference (b),

showed that a dazzle pattern disturbed course estimation to some extent
but at the expense of increased v:.sipillty. It was suggested that a
dark dazzle pattern would be a compromise which might disturb course
estimation at short renges without greatly increased visibility at
long ranges. P

o

- 25. The destroyer CONYNGHAM was painted with a bold pattern
of black and ocean gray; its photograph is in Plate 2. Observations
" of this ship in the San Diego area from July 31 to September 1, 1939,
led to the conclusion stated in reference (c) that:

"The dazzle design is confusmg under certain conditiens-but
not sufficiently so to warrant further consideration for .
destroyer peinting." e

The conclusion, added to those of reference (a), effectively relegates

the matter of dazzle painting of destroyers to the category of things
. that are not, worth doing.

CONFIDENTIAL o -10-
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DARK DAZZLE PRATTERN ON DESTROYER
PLATE 2
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CHAPTER

’ . i — .
GRADED SYSTEM ON LIGHT CRUISER '
> R ) . ’I . . //.’
26, The graded system is for the purpose of producing deception’
in range estimates by painting the vertical sides of the hull with '

 horizontal stripes which are dark (or black) at the water line and

become successively lighter to the gunwale. It maked little difference
whether the stripes are shaded into each other or not. In the 1938

tests, referenée (b), with the graded system on two destroyers it was

concluded that the system produced a slight illusion of range due to
the derk stripe at the waterline. The graded destroyer appeared to be
roughly 15 per cent farther away than g standard Navy grey destroyer,
when the two were actually at the same distence. . -

27. In the present experiments, reference (c), the graded system
was applied to the light cruiser RALEIGH. There was a black stripe

3 feet wide at the waterline, next a 3-foot wide stripe of 10 per cent
gray, and next an 8-foot wide stripe of 18 per cent gray (ocean gray).
This brought the peinting to the gumnwzle of lowest f ard. The
raised forecastle and other remaining vertical suffaces of the hull

.were Navy gray (35 per cent reflectivity). 'An additionel detail was

thst black smoke-pipe watch ceps were painted with lower edges in a -
line tilted up from the horizontal. - Photographs of the two ships .
at varlous ranges are shown in Plszte 4. - B

28. ' The RALEIGH cruised in company #ith the DETROIT which was
Navy gray and the two ships were observed during their scheduled operations

in the San Diego area. From a summery of the observations, reference (c)
stated: - .

"}, The graded method dd;s maferially confuse range estimation.

12, In hazy westher the graded vessel was more easily discernible
than the normsl vessel.

13, In clear bright weather there is little choice of visibility
of the two methods of painting. '

",,. Painting smoke-pipe watch caps at varied heights assists
confusion of course estimation.

"5, Possibility of being especially advantageous against
submarine attacks where only a quick glance through a
periscope is possible."

29, Reference (¢) concluded:

"(1) The graded system tends to distort the structural features
of a vessel and confuse range and spotting estimates.
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‘ "(8) Uakors ¢hoy positiens of thy shoded bonds orc rolated to L)
ﬂ,,} £oodvden of tho obsorvor (czd honeo o tho okoopvorts
/ howricen) tho greded oystca is more visiuo than o colid coler.

\ "(3) If otondexd Havy gray is to bo rotain"d for largo voa»ela, l
.~ it i0 beliovcd that tho groded systcn m uorthy of f’ur%hﬂz-
toata for largo vessels,®

£3. I$ ray bo mentioncd that bocauwse of tho lou froobeard aft
of the RALUIGH, and honeo tho rolativoly ccall expanso of vorticol
surfoco of o large part of the hull, -the graded system was probably mot

ag offoetive as 1t would be on a type of ship of higher frecheard cush
ag tho &incn, 10,000 ton eruiser.

&
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CHAET

DAZZLF, CANOUFLAGE ON TENDER

30. Two dazzle deaigns to produce course distort:.on were painted
on the destroyer tender MELVILLE, a bold design on tho starboard ‘side and
an unobtrusive design on the port side. This is the first experiment’
with dazzle camouflage on a merchant type of vessel whidéh has been
performed since the last war. The unobtrusive camouflage-may be said
to be thHe one new idea in deceptive sea camouflage which has emerged
since the last war. It is fully discussed in reference (a) and consists
in painting a few artificial shadows for course deception in such an
inconspicuous way that the observer does not realize that the vessel

“is camouflékgﬁ or that he is deceived. The unobtrusive camouflage “does

not increase the v131bility materially‘

31. The designs on the MELVILLE are shown in Plate 5, Thé
starboard design is a variation of the design of Plate l4a, reference (a),
and the port design is the design of Plate 18d, reference (a).

32.  The MELVILLE was observed at sea on 5, 6, 7 and 8 September

1939, by various units. Reference (c) gives the. following conclusions:

"1, The target was appreciably distorted by camouflage on both
—\;__§§;g:f:\fspecially from approximately 30° to 160° and 210° to

.%2. The presence of camouflaging is less evident by method
applied to port side than by that applied to starboard side."

33.° The results of the experiment are impoftant in bringing
out the fact that an inconspicuous design, wiich did not sugment visibility

- appreciebly, was equally effective in producing course distortion as

the bold dazzle design which increused visibility. Therefore, in so far
23 one can conclude anything from a single experiment, the conclusion
follows that there is little need to consider further the bold designs,
with their attendant disadventage of high visibility, since the
fundamental purpose of the design in causing course distortion is
accomplished equally well by cn unobtrusive pattern which does not
enhence visibility.

"
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CBATE 6

EYEATSTEONG /) FRCOIMEIDARIONS

e

24,  Tablo 1 containg on caesmowd cmount of inforcaticn, dorived

‘frea a len7 progron of azporicontaticnm, about tho coler of a chip for

1oy visibility vndor variocus eirgu-otancos. Tho inflorsation hag boen
obtained catiroly froa oxporiments vith dostroyors but isc in oll

‘probability valid for any typo of éhip. Tho quoption aricos whether .

Tablo 1 and the othor chaptoro of this roport peatain pll tha nocosoary .
inforcation or vhother there remain gaps which chould bo filled in by
furthor oxperimentation. Actually there are important .gaps vhich it
would be of advantage to remove, but it ig of interest to discuss the

_question in two wayss

(1) By suggesting the most effective painting of all Naval
ships in the.light of information available at the present
time. \ -

(2) By outlining further tests which appesr to be important
. in reaching = final decision about the painting of ell
Navel ships. : ’

Suggested Painting of All Naval Ships in the Lipht of Present Knowledeo.

35. Paint all classes of ships, destroyers; cruisers, battle -
ships, carriers, etec., throughout except for masts a dark gray, or a
dark blue gray, about 9 per cent reflectivity. The color approaches
black. Paint all pole mests Navy gray, about 33 per cent reflectivity.
In paryicular, put the dark gray (or dark blue gray) color on all :
horizontal surfaces, all vertidéal surfaces, on all objects visible from

" the surface or the air. All bright work, varnished surfaces, shiny

metal must be painted or put under dark covers. As little glass as
possible pust be left exposed and no white uniforms on deck. - .

36. All peint must be mat. '

37. The advantages of the dark color, 9 per cent reflectivity,
are that it is of low visibility from the air day or night and under
searchlight. In daylight the color obscures details and interferes
with course estimation; at moderate speeds it obscures the watex line
and interferes with range estimation' (but has no pronounced effect on
range finder measurements). The disadvantage of the color is that the
ship is moderately or highly visible as an object in the daytime to a
surface observer. The color.is drab and dismal and may encounter
dislike.

38. We qualify the above shggested universal use of 9 per cent
dark color by adding that in the case of destroyers, for which lowest™

visibility under searchlight was desired, it would be best to peint g1l
vertical surfaces black.

-
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»

Svgnestcd Pai.nting or 411 Merchant Type Ships in theALight of Prgsent

Knowledge

39. It would - seem best to contemplate the following views for
painting merchant type ships in wartime.

'(1) That bold dazzle designS‘of highly contrasting brightness
: ranging from black to Navy gray, - -and hence of ‘high visibility,
be eliminated.entirely.~ S

*(2) That only low visibility painting over the entire ship be
‘ used, as 9 per cent dark gray or 18 per cent ocean gray. - °

(3) That the low visibility painting be supplemented in some
cases by an unobtrusive ‘dazzle which consists of a few dark
) spots to simulate shadows, the spots to be best adapted to
each ship. Y S

(4) That the low visibility painiing be supplemented in some
cases by & simplified graded system consisting of a single
black stripe at the water line, to give a raised water line,
the system to be best suited to the type of shipj for example,
it would be most suitable to a ship of high freeboard.

(5) That all ships be not psinted alike.

Recommended Further Experiments Important to Reaching a Decision about
the Pairnting of All Naval Ships.: .

40. - General for all experiments. All paint must be mat. Ail
horizontal surfaces standard dark gray deck color, 9 pér cent reflectivity.
Therefore all the experiments below refer to painting the vertical
surfaces and o1l surfaces not already covered with the dark gray deck
color. All bright and shiny objects painted, covered or removed, down
to the smallest details.

41. Al]l experiments should be carried out over extended periods

" of time under all possible conditions of weather and types of illumination

and missions. » (

. 42. The importance of assigning en officer to direct the tests
cen not be overemphasized; the success of the work of reference (¢) was
largely due to this one element. “The officer should understand what
the experiments are, whet they are for, should direct the experimentas,
summarize the results, and write the report.

L2. Experiment A. Object: To test visibility of 9 per cent
dark gray (or 9 per ccnt dark blue gray), ultramarine blue on destroyers,
and to determine the value of Navy gray masts.

Four destroyers, verticel surfaces painted as follows:

(1) Navy grey with Navy gray masts for control.
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2) Bloek with blaek cicta. -
{3) 9 por ccat darls gray with Navy groy caots.
| Yltranarine blue with bluos magto.
_ Tho vivid ultrorarine blue is mede by mixing pure ultramarine
piguent with about 6 per cent by welght of a pure white pigment titaniun

oxide, or an_equivalent amount of zinc oxide.

The experiment outlined above is & minimum experiment designed to
test three things simultaneously: (1) effectiveness of 9 per cent gray
vs. black, (2) effectiveness of ultramarine blue vs. black and ocean gray,
(3) effettiveness of black, ocean gray and Navy grey masts. If more
than four destroyers were available it would be better to spreed the
program into several experiments each designed to test one thing. For
example: “Experiment Al, First Division, two ships black, two 9 per cent
gray; Experiment A2, Second Division, two ships black, two ultramurine
blue; Experiment A3, Third Division, two shipd ocean gray, two ultramarine
blue; etc. . ,

' . e
43. Experiment B.~ Object: To test visibility of ocean gray and
9 ‘per cent dark gray on e large ship. '

Three cruisers, vertical surfaces painted as- follows: '
. &

(1) Naevy gray with Navy gray masts for control.
(2) Ocean gray with ocean gray masts. _
(3) 9 per cent dark gray, Navy gray masts.

This experiment depends to some extent on Experiment A and logically
shauld not be done until the results of Experiment A are known. gor
example, if the blue color of Experiment A turned out to be effective,
the color might then be included in the cruiser experiment. .
IR Experinent C. Object: To test graded system on a 6-inch,
10,000 ton cruiser. - . i :

i }
. Paint vertical surfaces of two 6-inch cruisers as follows:

(1) Navy gray, for control.
(2) Peint hull with three horizontal stripes from water line
to gunwale, the lowest stripe black, the next stripe
9 per cent dark grey, and the upper stripe ocean gray,
of widths 20, 40 and 40 per cent, respectively, of
freeboard height; the superstructure Navy gray.
E

The six inch cruiser, because of its relatively high freeboard
throughout its entire length would seem to be well adapted to the
graded system, and better adspted than the light cruiser of Chapter 4
vith low freeboard aft. ) :

If, from other considerations, & very dark color were adopted-
for cruisers, it would not be possible to use the greded system. Thus
the experiment might depend on the results of Experiment B.

;
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' 45. Experiment D. Object: To change a b-inch cruiser into an
8-inch cruiser. _ 9 : -

If ths 6-inch cruiser were painted a lizht color as Navy“gray
a simple design in ocean gray, illustrated in Plate 6, would sometimes
make it appear similar to an 8-inch cruiser. If the mejor color were
. & dark c¢olor, the design should be a light color.

The desirability of such a deception was suggested inforrally by
Communder Cruiser Division NINE.

46. Experiments A, B, C and D should yield results and crystslliza-
tion of opinion sufficient to perrit a decision to be reached concerning

the painting of all Naval vessels. There is no inherent rezson why

all Naval ships, or all ships of a class, should be painted slike. If

no single color were found which possessed outstonding virtues for all
classes of ships, and if various colors or systems offered equal cmounts

of veried effectiveness, it would seem better to scetter the colors

and systems of pointing among the variocus classes and cmong the seperate
ships of 2 class, so that cll ships were not painted clike.

N

4. Experiment E. Object: To gether date on the visibility of |

the wekes of ships.

, "It is important to know the visible rasnges of the wakes of various

types of Navcl ships ot various speeds in 21l types of westher and

conditions of the sea surface, 4s viewed from the air cnd from the

surface. It is recommended thot such dete be obtained and tobulated. Y
_Certain of these dete for destroyers r~re in Chapter 2. The dats are “( [
of fundementrl importance in considerdtions of low visibility. From

‘the tzble ecch ship can determine its circle of wake visibility for ~/
any specified condition -nd know whether the circle is greater or less

than .its circle of self visibility.

48, Experiment F. Object: To test unobtrusive dazzle cemoufloge
on a curgo ship with rcised forecastle, bridge .nd poop.

The unobtrusive duzzle cemouflege design wus fairly successful
on the MELVILLE, a type of hull to vhich the design wous not best
suited (Chepter.5). It would be of interest to test the design on a
type of ship for which the deception would be uost pronounced, as a
cargo ship with raised bridge, forecestle, and poop. Plate l4a,
reference (a), givea a picture of such a ship and the deteils of the
design. ’ .

Supplement to, or revision of, "Hundbook on Ship Camouflage."

49. The knowledge and prectice of ship cemouflage as known in
1937 wére summerized in o YHendbook on Ship Camouflage," reference (a).
The results presented in the present report, which are besed entirely
on reference (c), agree in zll respects with thosc of the Hendbook,
but add seversl new facts ond new points of viéw. 'Eventually the -
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—~  APPENDIX
REPORT OF COMMANDER DESTROYER DIVISION FIVE
Encloaﬁrq G, H, I, J are omitted,.
end some of the photographs of
Encl'os.ure (G) are in Plates 2,

3 and 4.
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{3) Ocean gray is an improvement but it 19 wo
light in color.

{4) Black possessea the greatest mumbor of efvomtores.

" It is the best compromise of tho thres poinls

tested. But black is not the umanimous choice.
It is best for concealment at night and fram
eneny aircraft under any conditions.

(5) A dark gray between ocean gray and black is -
considered worth tgsting in comparison with
black.

(6) Gloss is objectionable in any color. A matte

paint should be developed.
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b. Becoumendations -

None.
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GOPY '
DESTROYER DIVISION FIVE i :
U. S». S. CASS;N’ (mﬂs?hip) . o ‘ "

—
]
-

. " CONFIDENTIAL DEC -1 1939 |

VI;‘Experiment ngn ‘
- : , .A. Purpose R ‘ ,%
. ‘ - To determine, under the conditions of the tactical | '
* exercises, the best all-around paint .for destroyeré, ) '
from the standpoint of reduced visibility. .
o~

! ; . Ve .
E , " B. Vessels and test materials aggigned: ‘ .

: _ Destroyer DivisigndFDUR~-.ébSHING ~ Bleck Matte
. ‘ - - PERKINS - Green Matte

b PRESTON - Black Gloss '
v ' : . SMITH - Black Matte : SN
[ v Destroyer Division FIVE - CASSIN - Ocean Gray Matte

DOWNES - Ocean Gray Gloss
REID - Ocean Gray latte
e ' CONYNGHAM - Ocean Gray Gloss

C. Determination to be made:

1. The relative efficacy of the various systems of painting
under all possible conditions (dey and night) encountered
during the exercise and conclusion as to the best compro-
mise for sll purposes.

L

ﬁ. Conduct of Test:

- - 1. As a result of previous investigation the colors chosen
‘ for this experiment were oceen gray and black. They
were to be compared with standara Navy gray. The ocean
gray is darker then the standard gray. .

a. The four ships of Division FIVE were painted ocesn.
gray on all surfaces visible from without except
the horizontal decks. Large objects such as in-

_ strurents were covered with peinted cloth. The
decks were painted with stendard blue gray deck -
peint, Similarly Division FOUR was puinted bluck,
except that one ship was painted a very dark green
beccuss it had been concludeé from previous ex-
periments thet, insofar as visibility is concerned,

. . “here is no appreciable difference between this derk

B . green wnd black; and shoula the dark color be ciwosen -
therc would be 4 choice betwecn green end black.

i1
. One or more ships of each division was painted with

]
2
lo
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COPY , -
DESTROYER DIVISION FIVE
CONFIDENTIAL  U.S.S. CASSIN, (Flagship)

VI. Experiment "C" (Continued)
D. (Continued)-

v . ]

- a paint designated as a HIGH GLOSS. The paint
furnished by Mare Island, which was designated as
MATTE, proved to be glossy to alrost the same
extent as those designated HIGH GLOSS. In the
cases of gray paints little difference in sheen
was apparent. In the case of the blakk paint the
difference was more marked but neither the high .
gloss nor the matte surfaces were what was ex-
pected.

2. E&. The two divisions operated with the Fleet during

the September Tactical Exércises which covered the
period 23 - 29 September. This period afforded &
variety of weather and light conditions. There

were two deys znd one night of heavy storm during
which time both divisions operated during daylight
and at night. There was celm sunny weather. There
was exceptionully bright moonlight from a full moon
and there was morning heze. There were no dark or
overcast nights. The employment of the two divisions
in the Tacticel Exercises afforded good opportunity for
observations. One division made a night attack in the
path of the moon but with the moon behind the tcrget
which resuited in silhoucite most of the time but.
during the atteck there were opportunities for ob-
servations from heavy ships from sll angles relative
to the bearing of the moon.

During Fleet Tectical periods personnel are so com-
pletely engeged with the immediate r«nd primery tesks
of accomplishing the scheduled exercises that there
were many observations made which could not be proper-
ly recorded. However, much useful information has
been elicited from those who made observations through
informal conversation. It should be noted too, that
the colors with which the two divisions were painted
had been under observaticn on from one to three ships
for elmost two months, during which time there were
many opportunities for obsecrvations.. ‘

lor

E. Discussion:

1. a. Under clear daylipht e vessel is visible at long
ranges regerdless of color or design, and therefore

CONFIDENTIAL -2- : Enclosure (4)
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VI. Experiment "C" (Continued)

E. Discussion: (Continued)

© vessel.

{3

CONFIDENTIAL ~3-

'VISIBILITY OF THIS TYPE IN DAYTIME MAY WELL BE

little success can be had from efforts to make a
vessel invisible, except in the case of masts and
other small and high objects which, if dark in
color, are easily seen against the light back-
ground of the sky and reveal the presence of the
This emphasises the directive given by
Commander Battle Force in his Serial 01163 of 20
October 1938, addressed to Bureau of Construction

.and Repair - COMMANDER BATTLE FORCE IS PARTICULARLY,

CONCERNED OVER THE QUESTION OF VISIBILITY OF ol
DESTROYERS AT NIGHT. HE CONSIDERS THAT REDUCED ;

SACRIFICED IF VISIBILITY AT NIGHT IS THEREBY
MATERIALLY DECREASED.

The nearest approach to invisibility is realized
when the color of the vessel is the same.as the ¢

‘background therefore on a gray dey, in diffused

moonlight or in.a fog the light Navy gray is
vessels but when observed from the air agzinst '
the dark background of the water the darker colors

are less revealing. At night when there is no light

sky background the darker colors are less revealing.

As the source of light approaches the zenith of the
target vessel, verticel surfaces come in shadow and
when the source of light is in the zenith all
vertical surfaces appear black and camouflage has
little effect on observations from other surface.
vessels.  Under these conditions however horizontal
surfaces are affected in a contrary wey and ere | )
highly visible to an eircraft observer.

¥hen the target is between the observer and the
source of light it is seen in silhouette and camou-
flage hos little effect.

(1) The Stendard Navy gray paint is highly reflective

which renders.it visible &t great distances under
any form of concentrated light. The light color
lends itself well to the formation of shadows
which facilitatcs the determination of target

Enclosure {(4)
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VI. Experiment "C" (Continﬁed;\\
E, biscussion:,(Continued)

angles. Thus, under sunlight, moonlight or
searchlight the standard gray ship is seen

at long raenges and in considerable detail.

At times the ship appears almost white. On
the other hand, on a gray day, in fog or under
moonlight diffused by clouds the light gray
ship is least vigible. . .

(2) The high visibility of the stendard Navy gray
paint has been the subject of adverse criticism
for many years. The reports of observers through-
out these experiments indicate that it is not
.acceptable as a coupromise. The few times that
it appears to advantage are far outweighed by the
advanteges obtained from a darker color. This

. conclusion comes from ¢onsideration of visibility
alonc, From the standpoints of smartness, case to
keep clean and effect on morale it is preferred
to all other colors tested.

(3) High gloss on standard Navy gray is less apparent
than high gloss on darker paints, yet it is

.  objectionable. Reflection from the stacks
and the gun mounts under concentrated light
reveal the ships at long ranges.

(4) The reports of observations mede from aircraft
of standard Navy gray vessels are decidedly un-
favorable. The light color against the dark sea
background reveals the target at surprisingly
long ranges while vessels painted with dark colors
are invisible az relatively short ranges. The
small band of standard gray along the outboard
edge of the weather decks, used by some of the
destroyers, brought forth the comment from air-
craft observers that this light band deleniated
the ship clearly for a bombing target. )
3. a. At the other extreme of the paints tested is black.
-On a gray day, in a fog the black ship is strikingly
visible as an object and would attract attention of
a casual observer more reeadily than either of the
other colors tested. In & number of cases observers
have reported the black ships more visible than either
of the other colors.* But proceeding on the hypothesis
that under normal light conditions end with alert

CONFIDENTIAL 4~ _ Enclosuro (1)
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E. Discussion: (Continued)

lookouts there is little hope of avoiding c:l&z»i;tacet’.iony
at ranges at which destroyers must operatg,’ the

' black ship compares favorably with either of*-the

other colors. Once the target is diselosed the

degree of visibllity becomes an atademic considera-

tion, and the adventage goes to the black ship be-

cause of the d;fficult.y of estimating ranges end :

target ungles by reason. of the absence of contrast-

ing shado®s. Observers report however that no

ecolor affects appreciably the accuracy of stereo . , -

‘ ranges. N

N\

. CONT1DENTIAL

AAt night black is least visible except in diffuged

moonlight when the black ship is visible as a black
spot against the white background of the sky. "Under
searchlight or moonlight emanating from behind the

bobserver black is decidedly prefereble.

(1) Observations made from sircraft are of particular

interest. They emphesise the necessity for re-
ducing to 2 minimum the visibility of our des-

"~ troyers from enemy aircraft. From the records
available this subject has not been given due
consideration in the experiments made heretofore. .
The observations made by avictors do not all :
give first place to black paint, but by far the J
greater majority do and = number of reports which i
will be referred to below are very outstanding !
and very favorable to black or & color approsch- N
ifg black. Briefs of r few of the most striking -
reports are given below.

bs
(2) One senior aviator reports that on a clear day
at 5000 feet black destroyers are difficult to
see where as the standard gray are easily seen. o .
(Observers Report No. 32-C) . ' :

(3) Other aviators report that darker ships are ° -

much harder to pick up under all conditionms,
except when 1n silhouette. Dark colors make
?ot1m§tes of farget mngles end course difficult.
84-C

.

(4) Observetions made at distunces 1 t0.8 miles.

-5~ . ' Enclosure (A)
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)

Altitude 1000 to 2000 feet. The black ships

of Division FOUR were not visible over two

or tHree niles, vhile the stundard gray ships
were visible &t ¢11 distances. The black ships
were less wisible than the green. Sun glints
and light spots~aided in locating the destroyers.
Relative visibility of the cemouflage ship 1/3

"to 1/4 of visibility of a standard gray ship. (-~

. (85-C) (

(6)

CONFIDENTIAL

-

Division FOUR observed — The wakeé of the black
ships were visible at a distance of about 8
miles but the ships themselves were not seen.

.(87-C) '

Observations rade of Division FOUR, (black) to- ;
gether with RALEIGH and three gr.y destroyers,
Distance of planes 14 - 20 miles and position
between sun and_formétion. Weather slightly

" hazy but unlimited celiling. The observer

reports the difference in visibility striking.
RALEIGH.and the three standard gray destroyers
were seen pleainly with the naked.eye, while

black ‘ships could not be seen even with binoculars
1though known to be present. kven with

range reduced to 5 ~ 10 miles black ships still

" very difficult to ucke out with glasses. Speed:

of ships was 12 knots; thercfore no wzke and as
pointed out before the wuke is the most visible
feature in picking up dark colored destroyers

from the air. The opinions of the pilots of
Patrol Squadron TWELVE are that the black ves-
sels are at least equal to the standard gray

under any conditions and definitely superior

under most conditions observed. No observations
made in fog or low visibility. On several occt-
sions in Fleet Tactical Exercise 207 patrol planes
trajiling mejor units with distant destroyer screens -
while petrolling at a distance assumed to be. be-
yond visibility of all ships, had the disconcert-
ing experience of picking up black destroyers so
close as to be well within effective gun range.
And in every case ships were sighted first by

the white wake alone. (88-C)

-6~ Enclosure (A)
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(7) Observation of Destroyer Division FOUR. -
Ships very hard to see against hazy . |
background but wake was clearly visible.
When jJoined by standard gray ship it was
noted that the reflection of the sunlight °
from the standard gray mede them plainly '
visible, while the black &nd dark green ships -
* were nearly invisible. No difference noted '
- : between the black and dark green. (89-C)

S L (8) Observation of Division FOUR. Altitude 5000

( - ) feet. Sun behind the observer. Clear weather,
: Standard gray destroyers appeared white and
‘were vigible up to 15 miles while Destroyer '
Division FOUR could only be’ seen with great
difficulty at slent ranges under two miles and

o . then with no definite assurance as to the
dimensions or silhouette. (90-C)
e ‘ 4. a. Ocean gray is in thé color scesle between black and
(-._. _ ~ . the standard gray. On a bright sunny day it is re-

ported by observers from surface vessels as the
least visible of the three colors and compares
favorably with either of the other two colors under

. o any chosen conditions. It does not appear white

* unier concentrated illuminations as does the
stundard grey and is less striking then black on

a clear bright dey. If the &erial observations

were excluded it is believed thet ocean gray, or a
somewhat darker gray, would be chosen by the majority
as the best compromise color. It is believed
however that preference for the ocean gray over the
'bleck ‘is influenced by the following factors:

Natursl aversion to solid black ships,
especially flat blsck, from standpoint
of smartness =and difficulty of upkeep.

In daylight the black ship presents a
silhouette which is more clearly deline-
ated then the ocean gray and therefore
.is s&id to be more visible. :

b. The first of these factors, smartness end cleanli-
ness, &clthough not a part of this investigstion,

CONFIDENTIAL -7~ Enclosure (A)
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VI. Experiment "C" (Continued)
E. Discussion: (Continued)

will inevitably influence the .opinions of
officers who go to sea on surface vessels.  _._
The second factor is in part an optical illu-
sion. A black ship is nore striking than a
gray ship even at-close range. It is therefore
.said to be more visible, despite the fact that
definition of detail is better in the case of
the gray ship and therefore the target engle is
easier to estimate.

/ It is bel'fi'eved that the ocean gray tested 18 too
light a gray and that if gray be chosen it should.
be considerably darker. A dark grey would have

- most of the advantages of black and would gorob-
ably meet most of the objections advanced

black. The results of the tests scem to point
to & very dark color - darker than ocean gray.
A conclusion as to how far short of black the
color could be, cammot be drawn from these
Experiments.

F. Conclugions:

v

- 1. Stendard Navy gray is not satisfactory either for
daytime or night.

2. A color much darker than Navy gray and darker then
oceen gray is indicated.

3. Preference for the three colors tested is, in order,
Black, Oceen Gray, Standard Gray. Black meets tbe
requirements for improved visibility at night, in
accordance with Commonder Battle Force's directive,
that daytime visibility may well be sacrificed for

' decreaaed visibility at night.

4. Ocean gray is second in choice to black but aviation
observations are definitely in fevor of black and
many surface observers prefer black.

5. A grny much darker than ocean gray, would be
preferred to black by destroyer personnel and would
possess most of the adventages of black.

6. The dark green tested is almost the same as black
but not quite as satisfactory.

~

COTFIDENTIAL -8- Enclocurc (A)
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@

7. Gloss is objectionable in any coler. It i
most apparent on stacks and grachiolds ol
is most noticeable with black. A cz2uds palnd -
is required and should be dovelop:d. :

8. The besi; Navy paints are glossy. A small na!?:ple

of Sherwin - Williams matte black was tcoted and
gave. promising results.

9. A related subject is the elimination of éxterior ,

-1

. reflecting surfoces - These inclwde bridge win-
dows, ports, port rims, turnbuckles, whistles,
_gun parts, bimnacles, bright woodwork, such zs
varm.shed benches and boat decks.

0. All surfaces visible from the air should be black

or a color a alfpromching black. Thege includé
canvas of "k

11. Exposed ring life buoys should be the seme color '

1

1

as the surrounding surfaces.

2. Black mests and similar high structuwres are very
revealing when they alone protrude shove the
horizon. Standard Navy gray color is believed to
be best for them. It is believed masts can be
puinted standard -gray without materially in-
creasing mslbili“ty.

3. At speeds above 12 knots the white wake of ¢ des-
troyer becomes cn importcnt consideration in
efforts to avoid detection. At night and from
aireraft ot any time, when destroyers sre moking
speeds of 20 knots and cbove, the wikes are so
opperent that little sdveantage cen be hed from
crmouflage.

G. Recommendations: ] R

1.

CONFIDENT IAL

Lo Pa:.?t destroyers bleck mette on ¢ll exterior. .
oces; or as an alternative, in order to

give further considerction to dork gruy,
b. Paint one h.lf the number of destroyers derk

gr-y (about the color of present deck paint)
gnd the others black.

-9~ Enclosure {A)



i

COPY
CONFIDENTIAL

“

DESTROYER DIVISION FIVE
U.S.5. CASSIN, (Flagship)
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G. Re#ommendations: (Continued) .

4

CONFIDENTIAL

¢~ In order to determine the valué of lighter
‘colored masts, paint the masts of about one .
fourth of the destroyers stendard Navy gray.

Paint, dye or cover all surfaces visible from
without so that the exterior will present a
uniform color at all times when operating at
sea.

Eliminate exterior Brightwork and, as fer as
possible, all high reflecting surfaces in-
cluding . varnishéd woodwork.

Paint bow numbers with &« color iighter'in B
shade than the hull but -such thet there will -
be smell contrest betwecn the two colors.

Operate with these systems for one yesr. Request
comments from the Fleet once ecch quurtcr.

-10- Enclosure (A)
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| ‘:) ~JI1. Experiment "B"

P = : ) ¢

{ . A. Purposge. TN ' Lo

| . .
i :S ' © ' To evaluate the relative advantuages-of dark green,
ﬂ : » ) bleck, and oceen gray paint, matte and glossy with
e spe01a1 refererice to night attzcks but with some

; . _‘1ndicat10n of reletxve visibility during the: day—
f D .

il B. Vessels and Materiels assigned:

1.

2.

(a)

1.

- ) Destroyer D1v1310n FOUR ~ CUSHING

CONFIDENTIAL

CGreen Glossy.

¥

PERKIHNS ~ Green Hatte.
PRESTON -~ Ocean Gray.
- Blzck.

SlITH

L. Determinations to be made:

The relative visibility at night of the various
systems of painting under both natural and
segrchlight illumination.

If the glossy paint is any more revealing than
the mattc paint. .

The relutive visibility of these paints during

the deytime with gpecial roference to the thought

that if the darker colors ure best for-night, are

they too derk for dry work, in view of the desir-

ubility of obtiining a color representing the best
compromisc for all conditions.

D. Conduct of Test:

The vessels of Destroyer Division FOUR were painted
28 noted in B above. During their normal operations
they were observed by units as encountered und reports

‘submitted us required.

See Observers Sheets Number l—B to 13-B inclusive,
16—B and 17-B. :

‘E. Conclusions:

Fror. o low visibility point of view there is no
distinction between black and green, both being
equelly visible in clear or overcast daytime
wenther, :

-1~ Enclosure (B)
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II. Exporiment "BV ‘ , \
CE Conclusions (Comtinued). o
- 2. Ocean gray hi@_,hly wisible m overcast v.eahher but

3.
. e

- leust wisible with reference to black snd green
on sutmy clear days.

AL paint furnxshed was of a'relatively high glosa.

Gloss paints materially sid in disclosing the ship
under any form of concentrated light dey or night.~

. It is most noticeable with the darker p&lntsA

Since eny color is visible in practlcally every

condition of weather in daytime, a paint to de-
crease their visibility at night under search-
light is most deblrable.

"A true black matte paint is the best color for

conceelrent at night under a1l conditions except
in diffuscd moonlight as obtwined with an overcast

"moon.

CONFIDENTIAL -2~ Enclosure (B)
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NOTES BY MR. BITTINGER ON EXPERTLENT “B"

Visibility of ships'gainted dark green, black and ocean gray:

. From a low visibility cazuwquflsge point of .view there is no
difference between the black and green ships. ' They were always
) clearly visible in daytime when the weather was clear or over-

‘ cast. Any choice between these two colors would be & matter of
a pleasant living environment, ease of keeping clean, absence of
eye strain to the personnel snd stability of the paint.

L ' . Ocesn Gray

The ship puinted ocean gray (PRESTON) wes dlveys visible
{ in overcunst weather. On sunny clear duys it wes the lewst
vigible ship of the Division, und with the sun behind the
observer end on the oceun gray ship it was lesst visible of
all thc points, ' ,

Gloss

With one cxception 2ll the observers' recerds indicete that
there was no difference between the gloss and matte colors in
daytime; however, the paint furnished for these tests was all of
{ @ a relatively high gloss. 4 :

E: : NIGHT ATT/CKS

Although there are no records of night attacks reguested in
Experiment "B" the’ tests made at night under Experiment “A" in-
dicete clearly that the gloss on the dark ships does muke them
vigible under searchlight at night, end that only matte paint
should be used on the dark ships. In view of the fact that

.. the Destroyers are going to be sgen anyhow in practically eyery = -
weather condition in daytime - would it bc desirsble to paint
them so that they would be invisible at nijht under searchlight.

l//

CONFPIDENTIAL : Enclosure (B)
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= ‘ Experiment. "A"
' A. Purpose. ' : ' -
S ‘ To determine the best conpromise color for low -
visibility in all circumstences of weather, ;
illumination, sea areas and employment. 1
B. Vessels and test material assigneds’

Destroyer Division FIVE - CASSIN - Ocean-(ray.
DOWNES ~ Black.

v : R - REID - Standard Navy Gray.
: - CONYNGHAM ~ Dazzle of Black and
g " Ocean Gray. ‘-

C. Observations to be made by:
(1) Other surface vessels.
] 22; Submarines.
% 3) aircraft. .
D, Determinations to bec made:
oD ‘ . . ‘ N
‘ Oﬁ;ﬁ;‘ﬁ’»’w Rl ‘: " {a) Relative visibility of vesselss

- (1) In various types of smoke screens. . .
‘ : (2) Under various weather conditions during the day. -
(3) At night under both natural and searchlight .
11lumination. ’
(4) Operating in verious areas. .

- oL . (b) Relative ease of: ¢
(1) Course estimation.
(2) Range finding.

- E. Conduct of Test.

| ‘ ‘ . 1. Determination of relative visibility in various
| types of smoke screens.

8. Aircraft smoke screen.

Two aircraft were employed, one to lay smoko -
: and the other to observe. In addition, the
+ S CLARK was stationed abeam of the target divig-
ion. to meke observations. The wind vas 15
knots from sstern of the destroyors in coluzmn.

| CONFIDENTIAL ~1- Enclosure (C)
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““*Eir'ﬁﬁ "AP (Continu:l)

b. Ship*s smoke gereens. /

&
Tao serecas tore 1044 dom viwd cud noor
*b!z: targot divisica vhich vao in eolr—a.
o cercong woro laid. o €irot tao Licht
and ixzoi‘i’coi’.iva. o gocend wan hosvieor
but was digporced by thy vind bafese R0
target chips eculd cdvomes throush 3% oo
was Intopdod. Qbeodvaliconn apo typical .
of o viow of vessals fheorih o smofn covoon
Just ag it 1ifto; as in a light fog. = -
820 Qbzorvors Shcets Numbers I-A and 2-& -
and photographs. -

\

{1} Boiler, Smoke.

(2)

(3)

The conditions were typical of vessela
.coming through a light boiler smoke scrcen.
See Obsérvers Sheet Number 3-A and photo-}-
graphs.

E. S,. Mixture.

The wind conditions were such as to disperse
‘the screen rapidly and limit the value-of-
obgervations.

See Observers Sheet Number 4~A and photo-
grephs. N

Combination boiler smoke end F.S. Mixture
released simultanequsly.

"The screen wus heavy and zppeared successful
but began to dissipate before ships emerged.
See Observers Sheects Number 5, 6, 7-4 and
photbgraphs.

2. Determination of relative visibility under various

- weather conditions during the dsy.

E.

CONFIDENTIAL

‘Division FIVE was meneuvered during operating
periods from 31 July to 1 Scptember in various-
daylight atmospheric conditions ¢nd et various
distances, in comp:ny with thc CLARK. Qbserve-
tions were mude und reported by CLARK and other
vessels encountervd. Spucisl runs wcere observed
from th: submarinc S-28 by the Comwending Officer
and Mr. Bittinger. See Obscrvers Shects Number

e Enclosure (C)
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N " Experiment "A® (Continued)

" 8-A to 27-A inclusive and- 33-A to 38—A
L\ inclusive.

3. Determination of relative visibility at night
under both natural and searchlight illumination. -
) ~ .
The division wes maneuvered under both con-
‘ditions’ as in night attacks on the CLARK
which ship provided the searchlight illumination.
See Observers Sheets nggg;/QB - 31-A inclusive.

. 4; Determination of relative v1sibility of vessels
- operating in various see areas.

SOMERS, WARRINGTON, and GRIDLEY while enroute
East to West Coast made observations in various
~ latitudes under various atmospheric conditions.
o ‘ SOIERS - Ocean Gray; GRIDLEY - Warrington,
. . Stendard Navy Grey. Sée Experiment "F¢,

- 5. Relative ease of course or target angle egtlmation
Q ‘and range finding.

(@ ’ All reports of observetions include comments
' ‘ in regard to these features. L .
See Observers Sheets Number 8-A to 27-A in- * '
clusive and Number 32-A to 38-A inclusive.

F. Conclusions: °

In all. sunlight and moonlight data with source of light
behind the observer'

1. Navy standard gray is least visible on a gray day,
overcast or hazy day.

5\

2. Ocean grty is least visible on a bright sunny day.

- 3. Black is least visible at night except under moon-

! light diffused through clouds. In the daytime black
%‘ ships are visible at long ranges as objects but

: . target angles are much more difficult to determine-
- . than with lighter paints.

. | : L. The dazzle design is confusing under certain con-
ditions but not sufficiently so to werrant further

~ CONFIDENTIAL -3~ Enclosure (C)
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Experiment A" (Continucd)

5.
6.

7.

10.

DESTFOYER, DIVISION FIVE, e

U.S.8. CASSIN (Fﬁag iip)

~ consideration for deqtroyer painting.

\

In silhouette cemo‘uflage effect is negl’m&le.' e

In black darkness camouflage effect ig.
negligiblea

Glossy paint possesses high degree of reflectivity . .

when viewed under eny strong light, natural or
artificial.

Stacks were rost merked reflecting surfhces.

In overcast dlffused moonlight without searchlight
ships painted black were more visible between
ranges of 7000 to 4000 yards than were gray. ones.

At 2000 yards range, in moonlieh+ without search-
1light standerd navy gray ship was lighter than the

 background. .

12.
13.

15.

16.

17.

CONFIDENTIAL

In boiler smoke, black and ocean gry are least

visible.

In F.S. smoke standard navy gray 13 lezst visible.

In F.S. and boiler smoke mixture, tne black and
ocean gray are least visible.

The darker the paint the more difficult the..........,
determination of target angles.

Black confuses estimate of turgst angle in any
light,

Detsils on standsrd navy gray znd oceen grey ships
are easily discernible end cssist in tureet rngle
estim tes.

At ni:sht under searchlight e high spccd wake is

clenrly visible ¢nd recdily discloscs presence of
a destroyer regsrdless of puinting. ,

Enclosure (C)
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HOTES :"ADE BY-Me. BITTINGER ON'EXPERIMENT "A"

In all sunlight and moénliéht data it is understood the
light is behind the observer :nd incident on the target ship.

1184

_Low Visibility - Daytime

(a) Navy Gray is best for overcast hazy weather.

{b) Ocean Gray is best for clear sunny weather. M _Hv,;h

!

Low Visibility - sioonless nirht

+
-

(a) There seems o be little diffevence what color the
Destroyer is painted vhen observed under—ihe light
from the stars; however, in evicy cise under search-
lizht the dark ships were the least visible (Referunce
is repeatedly made to the gloss highly reflecting
surfice of the blsck paint - thé reflection of the
light from the stacks was especially mar¥ked in each

observers record. :

Low Visibility in Moonlight.

In the one observotion made with the ships in moonlight
- the Dblack ships sppeared more visible than the gruy ships
"at 7000 yards. This wwd also true et L00) yaras. At
2000 yards the Nevy Gray (REID) appecred lighter than the
sky backeround ond the Ocean Grey (CASSIN) wes practicuilly
invisible. o ,

Low Visibility - Block Smoke Screen
The utmosphere or ind on the dsys$ thc swoke screen was
used prevent.d the smoke, cspeciotly the black smokc-from
reme ining on the wztoer. In view of thit fret the date
obtained ~t these tervs is of Little v lyc. Hovewer, in
the black smoke thu dark sliips were the leest visiblo.

Low Visibility 'F.S. Grmoke

The obscrver of the first test stated thet the olack
(DOVWNES) snd the dark dazzle (CONYNCHAW) "merged into

a solid mess, whoreas thé (REID) navy groy,. vas plainl§~
delinec ted." This anomaly cun orly be sccounted for by
the uneven density and genernl ineffect.veness, of the
sereen. On “ie second teet the dariker gips were more
visible then were the light ships - vhich wes to he
“expected. o ’ :

CONFIDEUTIAL -1- Enclosure (C)
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- NOTES MADE BY MR, BITTINGER ON EXPELIMENT A" (Cont.intied)

Low Visibility - F.S. and Black Smoke Combination

In this screen the darker ships were &« little more visible,
but there wes.not a grest deal to choose between them. The. |

. 8creen was not opaque. o

- , Vazzle - Course Dlstortlon

The dazzle uhip (CONYNGHAM) WeS p&lnt:d with o modified
dezzle design. To make tine ship low v151b11Lty for a

night torpedo cttuck under secrchlight, the ship forward

of the bridge ‘structurc was practicelly 211 black. Course
distortion was only possiblc when the torg<t ungle wies more
thin 45° and less than 3150. With thic limithion the course
distortion was' fairly effective. In the black smoke screen

" the da?zle ship (CONYNGHAM) "was very difficult to see, its -

terpget/angle wus very difficult to distinguish." "In overéast
hezy weather"the (CONYNGHA&) terget cngles were the most
aifficult to determine." This is ~3so true for clear sunny
days. .

Althougi the DOWNES was ¢ inted bl.ck for low visibility
under scorchlight - (nusorous rofercnces ore mde in the
reports rbout the difficulty in daytime of obt .ining torget
anglcs on the black ship). Thic ic due to the fact that
moat ol the shodows from the dgt;iT“of the superstructure
c.nrot be ceen oV ing to lock of centrest. While the deteils
on the CASSIH (ch L Gr‘") ‘nd ca ULCllllV the REID (N¢vy
Gre=—) ~re "e sv'to pick ou‘"

¢
lunerous references are node to the tlack snips appearing
st o osnerter mange thrn the grcy shipo, in overc: st weother.
. ~

It is suggested: thvt © blr~k wortime point be developed,

‘he first reguircient of vhichk would oo thit-when this7print
wns crplica to .ot llic structure - the surfreo of this pint,
vhen dry, would be comrletely diffusing -nd pesfontly matte.

“It b3 beer st obed tirt oo int cont ining varnish bes 1ore

lrsting quelitice.  Thore is no cuestion :bout the {ruin of
thi- st tument. Hov.ver it coes not fallow thid - roinn

¢ ot be deviloped naeich tould huve «juiv.lent 1 sting

S litios yithout thi: ples. yroodueing vernish.

To prove thrt bl-ex vt et ¢oon o boonoue Wieh C111
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A

NOTES MADE BY MR. BITTINGER CN EXPERIZENT "A" {Continued)

possess lasting qualities - sore Shéfwin—Williams‘black
" matte paint was bought in Sen Diegd a sarple of which was

epplied to the bow of the™U.3.5. REID at the waterline where .
the greatest errosive effect on the paint might be expected.

The enclosed photographs show the REID with

black S. & W. matte black sumple on the bow

practically in perfect condition, while ths
on the bow of the DOWNES has lost.;bout_20%

CONFIDENTIAL -3~

the sample of

of the REID. is
gloss Navy black
of its surface.
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ESTROIER DIVESION FIVE

* CONFIDENTIAL = UaS.S. cASSTY (maﬂuhip)

v. Expe;'imené npn

‘ . Purpose. “ ‘
To deternins t.,.o relatz,vc veluo of Qcean Cray Paiat aa ‘
compared to the procont Mavy Standard Cray. ”aiﬂi‘. in am.m
areas than the Sen Diega ares.
B. Vessels assighed and test ma.teﬁal.

SOMERS < Oceen Gray. )
WARRINGTON —~ Navy, Standard Gray. , , -
GRIDLEY - Navy Standard Gfay. S

C. Time of Test. v

165t was conducted while ’vcssels conperncd were enrouto
to tl;e Wect Coast during June and J‘uly 1939. ’

Do’ Gondwt of Test. ""‘ T
The Burcau's représentotive Mr. Charles &ttinzcz" vas
émbarked in the GRIDLEY &t Panama, €.2. Numerpuo
observations were mada both ot day and né.ﬂht, ulth
- and without eearchnght Hlumination,
See Ob..ervera Sheets Number 1-F to 25-F :ln&h;siva.

' E¢ Conclusions. *
1, %he relative visibility of tho gzoem ooy a2 ota:ﬂ.:mtt

gray is the sege in uny areq und.r oirmiley wentiter
_ and light condit:lonﬁ

.
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B.

c.

:% ,Qu'm‘. . ?( D.

. E.

o 7o determine if the eftiez;éy oi‘ tbe graded met.hod of

camouflage is changed by ite applicatlbn to ) hrgex'
vesse&. -

-
-~

€

Vasael aaaignsd and test material.

The DE‘I'RDIT and RALEIGH were ass:&gna& to this test, the\ ,

former reteining itfs normal paintipng sad the latter
painted according to the gl‘aded mthod.

Det:erninations to be mader

4

1. If the graded method of inting under various
conditions of weather has eny effect in 80 far
as» range estimation is coneemad .

2>The relative visibility of »the tmo nethods or
painting (nomal and graded). Lo e

Conduct of Test.

The DETROIT arnd RALEIGH we:pe abserved during their o
scheduled operations by vessels encountered and '
observations subm:.tted .

See Observers bheets Number l*-E to 8-E "inclusiVe.
Conclusions. e

1. The graded method does materlally confuse range
estmatlon. . .
. . _
2. In hazy weather the graded vessel was more easily
diséernible than the normal vessel.

3. In cleer bright weather there is little chbice in
relative visibility of the two methods of peinting.

- 4. Painting smokepipe wutch caps &t var:.ed heights

®

CONFIDENTI AL

assists confusmn of runge estimation.

5. Possibility of belng sspecially advantcgeous aubmarine
vtt-cks where only quick glence thru periscope possible,

Pl

-

.
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NOTES BY MR. BITTINGER oN EXPERIMJ"’ wgw"

e 3 GRADED SYSTEM

! ~

If a ship is pamted all over the seme . color .as the s ancI '

'if the ship is "this sige" of  the borjzon, one received th

“

impression that a narrow strip of sky has been brought down in .

to the sea,‘'and the lower edge ci‘ this strip is the water liﬁe‘
of the ship. : , ] , .

T

 The purpose of this exPerment is to' subjeéf;ively rémove the

vwater 1ine, and to place it mhere it doea not exist.

The greded system is desdgned to have abbut. the water- 1ine a

color of the sea and above, a’ color waich matches\the color of the

sky. In other words to paint the ship the color of ‘the sen -~
where the sea is the bzckgro and to paint the ship the color
of the sky - where the sky is he background.

. As the color of the sky is constantly changmg, it is very
seldom the ship actually discppecrs. However thé color.of the -

see is easily ‘matched and by removing the water l‘inq,,,u,the 11,-»- - ‘.;,w .

.pression is given of the ship bemg at « greater & af¥tadce than
it reolly is. . . .

The inclosed photographs give some idea of the j.nq:reased range

of the RALEIGH compared to the DETROIT {the ships were in colwm};
however, the subjective impression gave a much greater difference
in the range than the photographs indicate.

In & pre ajxs test of the graded system on a Destroyer the
stereoscopic range finder had great trouble getting the range

but after the c{orrect ropge wes obtained from o coincidence rangé )

finder the variptions could be recorded on the stereoscopic m—-
strument. : ,

Like the camo<1flage on the port side of the MELVILLE the
graded system i3 new, not conspicuous, and would in no way
arouse the suspicions of an enenfy until he made corrections for
the splash of his projectilea. . o

CONFIDENTIAL ‘ Enclooure (E)
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: Coe e DESTROIER I)IVL:ION I"'VE ‘ R
CONFIDENTIAL  *U.S. 8y ﬁBSSIN (Flagship) O
III. Experiment npw R

A. Burpos¢. - o o e

LT

To determine if a dazzle design is of* emy Jm:l:ne when :
applled to tenders or to merchant. Vessq}.s¢

B. Vessels ass:.gged and test material.

The U.S.S. MELVILLI-; was assigned.to this test; and

painted in accordance with instryétions. isgued by -

the Burean's representztive Mr. Charles Bittinger.,
; The design applied is illustrated in the phntbgraph

’

,3.

C. Time of. Test.

The MELVILLE was painted .and observed at sea o1 5, 6,
and 8 September by various units encorntered.

D. Determinations to be made..

o

The efﬁcaey of the design in comusi.ng course ax‘)d
renge estimations. . .

- E. Gonduct of !est.

‘1..The MELVILLE was observed by various units encomtered "
in the operatmg areas. , .

. See Obgerver's She@ts Numbers 2-D to G—D mglnsi‘ve, S-D
y ' to 164D inclusive.

2 The U.5,S. ZANE with Mr. Bittinger ahoard /Qg used
to make prescribed observa‘ﬁiona. . N

7 ~ See Observer's. Sheet Number 7-D and inclosures
: . thereto, and ‘8-D.

F. Conclusions.

- . The target angle was appreciably distorted by
. camouﬂage on both sides especially fron apprbx:.mately
‘ 30° to 160% and 210° to 330°.

2. The présence of camouﬂagxng is less evident by method
applied to port side than by that appli‘ed to starboard
side. . -

[
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3 Oamouflage is ineffective at xiight with;ant
, artificial illmnination. o

4. Under seavchlight 11¥unipation camuuﬂago has-the |
~ same effect ay in daylight. C

»
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.’ DESTROYER DIVISION FIVE® ~ . ~ .~ /) . .
uCZFIf;NT;AL U.S.8. CASSIN (Flagship) S T

. o .‘ ‘ O , ':‘-A ’ ) \
NOTES BY MR. BITTINGER ON .EXPERIMENT "DV o

e P : : o g
S : o The general principles of disguising the course of a ‘ |
et © ship by dazzle camopuflage were studied during the last two - c e
R ‘. years of the Great War I. . ] e o ;
. ' The désigné_used‘were bold contrasting erms which vhile

+ _ subjectively changing the course of ‘the ship ~ greatly in-

creased the ships visibility. I :
The Buresu of Construction .and Repair at the Naval Rescarch .
Laboratory some experiments which had to the development of a
‘new form of dazzle - which would not increasec the visibility.

f(‘“‘" » o T6 make a practical test of 'this new development it was)
- ' . " decided to.paint e merchant ship, as the merchent ship has the
' ' cargo. wells, forward and aft, and the sides of the ship are
carried up_on the superstructure emidships. Thése deteils were

considered /essential to the success of the design. J .
. _,'______“_r JR—.

N . — P

ﬁgi . ) Unfortunately no ship of the merchant design typé‘cquld be o f "
o . _ found, which was under the jurisdic¢tion of Commander Destroyers,
(o Battle Force, so it was decided to see what could be done wiith

‘ the MELVILLE and her port side was pointed with the new desigm.

- - . To compare the new ideas with the old. camouflage - the starboard .
,i _ side of thé MELVILLE was pcinted with a bold contrasting design.

L . Unless an observer had been told the port side of the'MELVILLE'- _ K
" : was camouflaged he would never kqow it from looking at it.’ Be- '
\ . causc of this- fact, on cnemy would not be as suspicious as he

y o would be at the sight of the conventional dazzle, ® ;
: AR N : . - ' L
- \ . In making test observations of the course of a dazzle ship -
/ ’ o it is easential that a record be made of the true course of the
- ship at the time the observutions were made - because one &an .
‘ .easily be deceived. ‘ .

N

The observations of the ZANE are a model as they combine
conciseness and accuracy. )

Being self-explanatory the report from the ZANE is submitted
for consideration. . L o

The only recormendation is ‘that this new idea be tried out ‘
T on a merchant ship ~ when one is found aveilable. As,?he subtle ‘ .
R visual effects, produced by the camouflage on the port'side of - )
1 B the MELVILLE are new and hove dacided possibilities. N

1
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NOTES BY MR. BITTINGER ON EXPERIMENT ."D (Continued)

- NOTE: .

.Certaln parts of the MELVILLE were not painted Vsuch

as the Brldge) and certain structural changes were not
“made (such as twisting the yard tipping the motor
“launches, etc.). These deteils would amplify the courde
distortion, and would be done when camouflaging a Shlp
for. the war’zone. ,

‘s
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